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INTRODUCTION 
A number of weH developed image enhancement techniques, basically categorized into 
global image processing and adaptive image processing,[I, 2] have been widely used in NDE 
applications, which help to present high quality images conveying information on voids, 
cracks and inclusions in sampies. These enhancements apply certain algorithms on image 
data and change the values to generate particular effects. Since the visual effect of an image is 
determined by two factors, i.e. image data (pixel value) and colormap which assign color 
display for each intensity covering the whole range, the enhancement of the display of an 
image can be achieved by working on the colormap for a pseudo-color display without 
actually affecting the image data. A grey scale display can be treated as a special case of 
pseudo-color. With the advent of high quality color monitors and color output devices 
available for the scientific workstations whose colormaps can be easily redefined by users, it 
often is more efficient to manipulate the colormaps to achieve the desired visual effect. Since 
a typical image file with 8 bits/pixel data can easily contain 250,000 bytes while a colormap 
for the display of such image requires only 768 bytes for 24 bits!color (corresponding to 
16.7 million different shades of colors), the gain in speed obtained by adjusting the colormap 
rather than the data can be very dramatic. 
A user friendly, fully interactive, mouse-driven software package has been designed to 
perform this task. It is written in C in the SunView Environment with a WYSIWYG (What-
You-See-Is-What-You-Get) feature. This package consists offour principle taols: colormap 
composition, contrast enhancement, isotherm modulation and histogram equalization. They 
are illustrated in the next section. 
DESCRIPTION 
A colormap is a table which establishes the correspondence between pixel values (or 
intensities) into color codes. In the SunView Environment it is specified by three bytes, one 
for each of the three basic colors: red, green and blue. The color of a pixel shown in an 
image is determined by these three components of the entry to which the value of the pixel 
corresponds. Thus, a colormap for an image with 8-bit intensity resolution requires 256 
entries, and each entry has a set of red, green and blue values, wh ich can be represented JY 
an integer array of dimension 3x256. 
Colormap Composition 
Composing a colormap is a procedure for assigning values to red, green and blue 
arrays. In the software package we have developed a linear assignment method. It is used in 
such a way that in an intensity vs saturation coordinate system, intensities (y-axis) within the 
range covered by a line segment would take their saturation values (x-axis) according to a 
linear equation. Three pallets are used for red, green and blue arrays respectively to 
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display these intensity vs saturation correspondences. A set of concatenated straight line 
segments delimited by nodes starting from (x,O) and ending at (x,255) where x = 0 to 255 
give the whole range of assignment in this manner,. Nodes can be inserted, deleted, or 
moved by the user via mouse control. After each change, the colormap is updated and the 
effect takes place on the screen, giving the user instant feedback. Up to 16 colormaps can be 
defined and retrieved at a time. In designing a custom colormap for a particular image, the 
most useful information is the distribution of pixel values in the image. This is provided by 
the histograrn tool which is available to the user. In the following figures, Figure l(a) shows 
a thermal image of delamination in plasma sprayed coating on a steel substrate with a 
standard 256 - level gray scale colormap, Figure 1 (b) is the composition of a custom made 
colormap for the image, and Figure l(c) gives the enhanced display. 
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Figure 1 (b). Composition of a dedicated colormap 
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Figure l(c). Enhanced image display 
Contrast Enhancement 
This option allows all the available contrast to be assigned to a limited range of pixel 
values selected by the user to enhance the contrast. Figure 2. shows an original image of 
nylon/nylon adhesive bond with histogram and selected range on it (a), enhanced image(b), 
and the equivalent enhanced colormap composition (c). 
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Figure 2(a). Unenhanced image and histogram 
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Figure 2(b). Enhanced by contrast expansion 
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Figure 2(c). Equivalent colonnap composition 
Isothenn Modulation 
In this option a window of pixel values can be defined on the color bar and assigned a 
particular color. All pixels in the image which fall into this window will thell take on this 
color. The window could be expanded, narrowed, or dragged along the color bar by mouse 
control to give a visual display of gradient distribution of intensitie~ in a dynamic manner. It 
could be easily used to shade off uninterested areas as weil as to highlight the interested 
regions of an image. Figure 3 shows a fatigue crack on INCONNEL plate with machine 
scratches on the surface. (a) By manipulating isotherm bar, the scratches are eliminated from 
the display. (b) The equivalent colormap composition is shown in (c). 
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Figure 3(a). Unenhanced image 
Figure 3(b). Enhanced using isotherm 
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Figure 3(c). Equivalem colormap composition 
Figure 4. Enhanced image using equalize-8 
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Histogram Equalization 
This option is based on the histogram data of an image. Choosing the equalization 
option will result in a discrete colormap in which each color is represented by essentially the 
same number of pixels in the image. It is useful for images which have a unsymmetrical 
histogram. Figure 4 is an image enhanced by equalizing with 8 shades of gray colors. 
CONCLUSION 
Working on colormap is an effective and flexible way of enhancing image display. 
Without going through the procedure of designing algorithms and applying time consuming 
calculations on sizable image data, this technique can often get faster and even better results 
than some data based image enhancements. The colormap based image enhancement 
software package provides easy ways to explore possible features in original images. For the 
reason of publication, the images in this paper are presented in gray mode, i.e. identical 
values of r, g, bentries. In the color mode, the visual effects are greatly enhanced. 
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